Failure and high systemic toxicity of conventional cancer therapies have accelerated the focus on the search for newer agents, which could prevent and/or slow-down cancer growth and have more human acceptability by being less or non-toxic. Silymarin is one such agent, which has been extensively used since ages for the treatment of liver conditions, and thus has possibly the greatest patient acceptability. In recent years, increasing body of evidence has underscored the cancer preventive efficacy of silymarin in both in vitro and in vivo animal models of various epithelial cancers. Apart from chemopreventive effects, other noteworthy aspects of silymarin and its active constituent silibinin in cancer treatment include their capability to potentiate the efficacy of known chemotherapeutic drugs, as an inhibitor of multidrug resistance associated proteins, and as an adjunct to the cancer therapeutic drugs due to their organ-protective efficacy specifically liver, and immunostimulatory effects. Widespread use of silymarin for liver health in humans and commercial availability of its formulations with increased bioavailability, further underscore the necessity of carrying out controlled clinical trials with these agents in cancer patients. In this review, we will briefly discuss the outcomes of clinical trials being conducted by us and others in cancer patients to provide insight into the clinical relevance of the observed chemopreventive effects of these agents in various epithelial cancer models.
Introduction
Modernization along with rapid industrialization of the present world was much desired proposition, however, with passing time, it is being increasingly recognized that this growth and prosperity are not without associated harmful consequences. Modernization has affected all walks of human life, making it much more comfortable; however, it has led to drastic changes in the day to day life style resulting in adverse health effects. Another important adverse consequence of industrialization is that human population at large is now exposed to much diverse range of harmful chemicals, mostly as pollutants generated through rapid industrialization. Overall, marked increase in the environmental and occupational hazards together with altered life style has resulted in the increased incidence of various diseases, such as cardiovascular disorders, diabetes, obesity and cancer. Out of these, most concerning is the cancer, which not only is a disease with great economic burden, but also has tremendous social and psychological implications. Even though, there has been a decline in deaths due to cancer in United States during past decade or so, yet overall incidence of new cancer remains unchanged. However, in global context, deaths due to cancer are actually projected to increase in coming years (WHO Report). As a result, over the years, increased efforts have been devoted to determine the risk factors for the development of cancer, where numerous epidemiological studies have concluded that geographical variation in the incidence of cancer throughout the world is associated mostly with life style, especially dietary habits and environment. Closer examination of the trends of cancer incidence in different geographical locations revealed that incidence varies with a variation in dietary habits. In recent years, tremendous interest has been generated in studying the relationship between dietary habits and cancer incidence. Now, it is recognized that diets rich in fruits and vegetables have an association with lower risk of cancer, suggesting that cancer risk could be modified/prevented by making appropriate dietary manipulations (Steinmetz et al., 1991; Block et al., 1992; Kelemen et al., 2006; Pavia et al., 2006) . Additionally, long duration of development of most types of cancers once initiating event has taken place, provides an excellent time frame window to intervene or prevent them from becoming full blown clinically defined cancer. Taking cue from these observations, there is a strong interest in isolating and characterizing the nutritive and nonnutritive components of fruits and vegetables, often referred to as phytochemicals as potential chemopreventive agents (Surh, 2003) . In this review article, we will provide detailed insight into the chemopreventive efficacy of silymarin based on the evidence generated from various studies conducted using cell culture or animal models of epithelial cancers. Though numerous studies are available reporting clinical trials with silymarin/silibinin, most of them have been carried out in patients with adverse liver conditions. However, we will briefly discuss the clinical trials being carried out with silibinin, an active constituent of silymarin, in cancer conditions, especially in prostate cancer patients by our group.
Milk Thistle Extract, Silymarin and Silibinin: Pharmacology and Biological Activities
With the increased acceptance of "anything natural" and recognition of the therapeutic value of the variety of plants/plant products used traditionally for the treatment of various ailments by indigenous healers and herbalists, extensive research has been conducted in recent years to identify potential phytochemicals as effective cancer chemopreventive agents. In this regard, Milk Thistle Extract has been the most extensively studied plant product for its overall health beneficial effects. Milk Thistle (Silybum Marianum, Family Asteraceae) is one of the earliest known herbal medicines with hepato-protective effects, and has been documented in ancient literature as a plant with excellent capacity in carrying off the bile, or one with the ability to remove obstructions of the liver and spleen (Foster, 1999; Pliny the Elder, 77 A.D; Culpeper, 1650) . Chemically, active constituent of milk thistle extract is basically a flavolignan, silymarin, which in itself represents the mixture of four isomeric flavonoids such as silibinin, isosilibinin, silydianin and silychristin. Fig. 1 represents the chemical structure of silibinin, which is a major active as well as most studied constituent of silymarin. Recently, using combination of liquid chromatography and electrospray ionization mass spectrometry, six main active constituents of silymarin have been separated, and include silydianin, silychristin, silybin A, silybin B, isosilybin A and isosilybin B . The chemical structures of these isomers have been shown by us previously (Davis-Searles et al., 2005) . Fruit and seeds of this plant are major source of silymarin, though it can also be found in trace amounts in other parts of the plant (Luper, 1998) . Currently, milk thistle extract is marketed around the world including the United States as silymarin and silibinin encapsulated formulation/tablet with an enhanced bioavailability under the trade names, such as Siliphos, Silipide and Legalon.
Silymarin is being used to treat liver conditions since ages, and thus is considered safe for human use. So far there is no report showing the toxicity due to silymarin, though few clinical studies have reported minor adverse effects. The reported adverse effects include headaches, gastrointestinal and dermatological symptoms (Wellington and Jarvis, 2001 ). Due to its low solubility, bioavailability of silymarin has been the major concern especially during its clinical trials. We conducted the bioavailability studies of silibinin, which is the major active constituent of Silymarin in SENCAR mice. We observed that within 30 minutes of 50mg/Kg oral dose of silibinin to mice, peak levels of free silibinin could be detected in liver, lung, stomach and pancreas. In other organs, such as prostate and skin, peak levels were observed at one hour of administration. Our results clearly demonstrated the bioavailability of systemically administered silibinin (Zhao and Agarwal, 1999) . Additionally, recent literature is abundant with the studies reporting different formulations with tested increased bioavailability using different animal models (Abrol et al., 2005; El-samaligy et al., 2006) . A detailed study on the bioavailability and clinical efficacy in humans has been conducted with Silibinin Phytosome called as Siliphos (Kidd and Head, 2005) . In this study, the authors found greater bioavailability of silibinin in the form of siliphos over the non-complexed silibinin when administered to rats/humans, and levels of free silibinin were detectable in the liver which was the target organ of the study. Thus, from the above cited literature, it is clear that bioavailability of silymarin/silibinin is not a major issue for its potential use in clinical settings.
Silymarin has been extensively used for its hepatoprotective effects since ancient times, though other health beneficial effects are being recognized in recent years. Most of these effects have been attributed to direct and/or indirect anti-oxidant capacity of silymarin, such as being scavenger of reactive oxygen species, scavenger of phenylglyoxylic ketyl radicals, chain breaking antioxidant (Luper, 1998) . In recent years, increased efforts have been devoted to understand the mechanism of hepatoprotective effect of silymarin, utilizing experimental models of various liver disorders, as well as in human patients with liver diseases. Findings of these studies have in part enlightened certain aspects of hepatoprotective mechanism of silymarin. In case of alcoholic liver diseases (ALD), wherein oxidative stress and inflammation are key players in pathogenesis, silymarin was found to exert hepatoprotective effects by attenuating the tumor necrosis factor (TNF) production along with decreasing the serum alanine aminotransferase (ALT) activity, inhibiting lipid peroxidation, and increasing the intracellular reduced glutathione content in mouse model of ALD (Song et al., 2006) . Silibinin, an active constituent of silymarin also affords protection against T cell-dependent hepatitis through the modulation of immune response . Silymarin is not only hepatoprotectant in ALD, it also acts as a fetoprotectant in ethanol-induced behavioral deficits (Busby et al., 2002) . Similarly, silymarin was found to retard collagen accumulation associated with both early and advanced biliary fibrosis in experimental model of complete bile duct occlusion induced by Ethibloc in rats (Luper, 1998) . In experimental model of choleostasis induced by 17α-ethynylestradiol (EE) in rats, silymarin exerted protective effects by normalizing the EE-induced decrease in bile salt pool size and HCO 3 − , and by counteracting cholestatic effect of its glucuronidated metabolite (Crocenzi et al., 2001) . In yet another study conducted by the same group, hepatoprotective effects of silymarin were observed in monohydroxylated bile salt (BS) taurolithocholate (TLC)-induced choleostatsis in rats by preventing the impairment of both BS-dependent and -independent fractions of the bile flow (Crocenzi et al., 2003) . Preventive effects of silymarin against diet induced hypercholesterolemia were observed in rats, and the effects were comparable to that observed with hypocholesterolemic drug, Probucol (Krecman et al., 1998) . Hepatoprotective effects of silymarin were also observed in carbon tetrachloride (CCl4) and acetaminophen (AAP) induced liver toxicity, partly due to its antioxidant capacity (Luper, 1998) . Even silibinin exerts hepatoprotective effects partly through inhibition of leukotriene formation by Kupffer cells (Dehmlow et al., 1996) , and as an in vivo immune response modifier . Silymarin was also found to exert protective effect against post-ischemic mitochondrial injury in rat liver occurring during liver transplantation and/or surgery by preventing the alterations in mitochondrial respiration, decrease in membrane potential and increased susceptibility to mitochondrial permeability transition (MPT) induction (Rolo et al., 2003) .
In addition to hepatoprotective effects, silymarin has shown protective effects against cisplatin induced renal toxicity (Karimi et al., 2005) , and causes recovery of pancreatic function in experimental model of diabetes mellitus syndrome induced with alloxan in rats (Soto et al., 2004) . Protective effects against cisplatin-or ifosfamide-induced nephrotoxicity without significant effect on the anti-tumor efficacy of these drugs have been reported in rat model of cisplatin-induced nephropathy. Results of these studies suggest the potential use of silymarin as protective agent against cisplatin-induced nephrotoxicity in cancer patients (Bokemeyer et al., 1996) . Additionally, silymarin and its constituents have shown protective effects on rat cardiomyocytes exposed to doxorubicin due to its anti-oxidant, iron chelating and cell membrane stabilizing capacity (Chlopcikova et al., 2004) .
Anti-atherosclerotic effects of silymarin have been demonstrated using in vitro system, wherein silymarin inhibits the expression of adhesion molecules in HUVEC cells (Kang et al., 2003) . Silymarin has also been reported to possess neurotrophic and neuroprotective effects as it promotes differentiation and survival of neural cells (Kittur et al., 2002) . Immuno-stimulatory effects of silymarin have also been reported as it increases the secretion of interferon-γ (IFN-γ), interleukin-4 (IL-4), and interleukin-10 (IL-10) cytokines in stimulated lymphocytes (Wilarusmee et al., 2002) . Protective effects of silymarin were observed against acetaminophen induced brain damage in rats, which were ascribed to its antioxidative potential in preventing lipid peroxidation, and additionally, due to its capacity to replenish intracellular reduced glutathione pool (Nencini et al., 2006 ).
One of the major impediments to successful chemotherapeutics is multidrug resistance, which often involves the overexpression of P-glycoprotein (Pgp) or multidrug resistance-associated protein 1 (MRP1). Silymarin was found to be an inhibitor of P-glycoprotein and MRP1-mediated drug transport. Silymarin increased daunomycin accumulation in Pgp-positive cells as against to Pgp-negative cells, which could be utilized in increasing the absorption and bioavailability of drugs that are Pgp substrates. Similarly, silymarin increased the accumulation of daunomycin and vinblastine in Panc-1 cells and human breast cancer cells, by inhibiting breast cancer resistance protein (BRCP) (Morris and Zhang, 2006; Chung et al., 2005) . On another front, maintenance of genomic integrity is most critical, and cells are well equipped with variety of DNA repair enzymes. Silymarin has been found to upregulate the activity/ expression of one such enzyme, O6-Methylguanine-DNA methyltransferase (MGMT) in various cancer cell lines (Niture et al., 2006) .
Clinical Studies
Several clinical studies have been conducted with silymarin studying the hepatoprotective efficacy under various pathological conditions of liver and other organs. These studies are worth mentioning here, as findings of these studies are highly suggestive of carrying out the controlled clinical trials with silymarin without any major concerns about the toxicity and bioavailability of this compound in humans. In a 12 month open controlled study with two well matched groups of insulin-treated diabetic patients with alcoholic cirrhosis, administration of 600mg silymarin per day in addition to standard therapy, resulted in significantly decreased fasting blood glucose levels, mean daily blood glucose levels, glycosuria and HbA1c levels after 4 months of treatment as compared to control group receiving standard therapy alone. Findings of this study led to a conclusion that silymarin administration leads to reduced lipid peroxidation and insulin resistance with simultaneous decrease in endogenous insulin overproduction and the need for exogenous insulin administration (Velussi et al., 1997) . In another double blind multicenter trial of silymarin in alcoholic patients with histologically and laparoscopically proven liver cirrhosis, 450 mg of silymarin (150mg/three times per day) as compared to placebo for two years showed no effect of silymarin on the survival and the clinical course of the disease. However, no relevant side effects were observed in any group during the study period of two years (Pares et al., 1998) . In yet another study, workers with a history of exposure to toluene and xylene vapors for 5-20 years and clinically proven with abnormal liver function tests and/or abnormal hematological values were given Legalon three times per day (t.i.d) orally for 30 days. Clinical outcome of this study revealed that these workers presented themselves with improved liver function tests and platelet counts as compared to non-treated workers with similar medical history (Szilard et al., 1988) . However, this study had several flaws, such as lack of proper control groups, and small size of sample population as well as lot of heterogeneity in the sample population, as was the case with another study done by Ferenci et al., in patients with cirrhosis of liver (Ferenci et al., 1998) . More recently, a preliminary pilot study was conducted with RealSIL-IBI from Lorenzi Pharmaceutical, Italy, which basically is a complex of silibinin with vitamin E and phospholipids in patients with non alcoholic fatty liver disease with or without the presence of hepatitis C virus (HCV)-related chronic hepatitis. Outcome of this study found the complex to be active in vivo, with some therapeutic value, such as improvement in insulin resistance and markers of fibrosis in plasma of the patients (Trappoliere et al., 2005) .
Anticancer and Cancer Preventive Efficacy of Silymarin
Though initial impetus of research was on understanding the hepatoprotective effects of silymarin, over the years, many other biological effects of silymarin as discussed above have been recognized. One of them not discussed earlier in this review is the pioneer work done by our group over the years in recognizing the anti-cancer efficacy of silymarin. We were the first one to demonstrate the anti-tumor promoting activity of silymarin against 12-Otetradecanoylphorbol-13-acetate (TPA)-induced tumor promotion in mouse epidermis, which was attributed to its ability to inhibit the activity and expression of epidermal ornithine decarboxylase (Agarwal et al., 1994) . Anticancer activity of silymarin or silibinin has been observed against breast cancer (Zi et al., 1998 , skin cancer (Ahmad et al., 1998 , Lahiri-Chatterjee et al., 1999 , androgen-dependent and-independent prostate cancer (Zi and Agarwal, 1999; Zi et al.,2000; Bhatia et al., 1999; Deep et al., 2006; Thelen et al., 2004) cervical cancer (Bhatia et al., 1999) , bladder cancer , hepatocellular carcinoma (Varghese et al., 2005) , colon cancer , ovarian cancer (Scambia et al., 1996) and lung cancer (Sharma et al., 2003 , Chu et al., 2004 . Findings of these in vitro studies in various cancer cell culture systems have provided the platform for further research to explore their efficacy under in vivo conditions, and finally clinical application of this non-toxic agent as potential chemopreventive in cancer patients. Apart from anticancer efficacy, another important effect of silymarin with its implication in cancer control/prevention is its anti-angiogenic potential through inhibition of vascular endothelial growth factor (VEGF) and matrix metalloproteinase-2 (MMP-2) secretion (Jiang et al., 2000; Yang et al., 2003) . From all above mentioned studies, there are sufficient evidences that silymarin/silibinin possesses anticancer efficacy, and additionally, as discussed further, preventive efficacy in various in vivo models of epithelial cancers summarized in Table 1 . Collectively, all the findings advocate the necessity of developing and testing silymarin/silibinin for its potential use in clinics in cancer patients.
Cancer Preventive Efficacy of Silymarin/Silibinin and Associated Mechanisms Skin Cancer
As mentioned earlier, we were the first one to recognize the anti-tumor promoting activity of silymarin in two stage skin carcinogenesis model, and further extension of this work by our group revealed that silymarin possesses novel capacity to reduce the expression of endogenous tumor promoter TNFα in 7,12-dimethylbenz(a)anthracene (DMBA) initiated and TPA/ Okadiac Acid (OA) promoted skin tumors in SENCAR mice (Zi et al., 1997) . Silymarin was also found to possess in vivo therapeutic effects when given through diet against DMBAinitiated and TPA-promoted skin papilloma in SENCAR mice in yet another study conducted by us. In this study, we observed that silymarin was not only able to inhibit the growth of tumors, but importantly, was also able to cause regression of established tumors with no sign of toxicity to the animals. Additionally, detectable levels of silibinin were achieved in plasma and other tissues such as liver, lung, and skin tumors of the animals. Mechanistically, silymarin exerted its effect through the modulation of mitogen activated protein kinases and induction of apoptotic pathway. This observation has important implications for human skin cancer intervention at the benign stage, clinically defined as actinic keratosis .
UV exposure is the major etiological factor for non-melanoma skin cancer (NMSC), and our group revealed that silymarin exerts protective effects against UVB radiation induced skin tumor initiation, tumor promotion as well as complete carcinogenesis in SKH-1 hairless mice (Katiyar et al., 1997) , wherein, silymarin caused significant inhibition in UVB-caused sunburn and apoptotic cell formation, skin edema, depletion of catalase activity and induction of cyclooxygenase (COX) and ornithine decarboxylase (ODC) expression and activity. Even silibinin exerted antiproliferative effects when applied topically pre-or post-UVB exposure, as well as when given in diet to SKH-1 hairless mice . In additional mechanistic studies, our group found that silibinin affords protection against UV induced skin damage in SKH-1 hairless mice via the upregulation of p53-p21 cascade, a sensor and guardian of DNA from damage . Dietary feeding of silibinin prevented early biomarkers of UVB radiation induced skin carcinogenesis, such as reduced number of UVBinduced thymidine dimer-positive cells, proliferating cell nuclear antigen, apoptotic sunburn cells (Mallikarjuna et al., 2005) . Using mouse epithelial JB6 cells, our group got further insight into the mechanism of efficacy of silibinin against UVB-induced skin tumorigenesis. It was observed that silibinin activates DNA-PK-p53 pathway for apoptotic response to UVB-induced DNA damage in JB6 cells . Topical application or dietary administration of silibinin also inhibited all the members of mitogen-activated protein kinases (MAPKs) family (ERK1/2, JNK and p38) and Akt activation induced by either acute or chronic UVB exposure of SKH-1 mouse skin (Mallikarjuna et al., 2005) . Findings of all these studies provide a strong notion that silymarin/silibinin is an effective preventive agent against photocarcinogenesis.
Prostate Cancer
Prostate cancer is the second leading cause of cancer related deaths in US men (American Cancer Society, 2005) . Failure of conventional treatment modalities, especially of hormone refractory PCA has lead to increased efforts in identifying new approaches to improve the outcome of this disease. In this direction, use of various chemopreventive agents, especially of natural origin has gained importance as these agents usually are the part of normal diet or taken as dietary supplements, and thus have lower or no systemic toxicity. In this regard, silymarin/silibinin showed potential anti-cancer activity against both hormone dependent-and independent-prostate cancer cell lines as mentioned earlier.
Studies aiming at testing in vivo efficacy of silymarin/silibinin conducted by our group revealed that dietary feeding of silibinin to athymic nude mice bearing DU145 prostate tumor xenograft significantly inhibits tumor growth and increases secreted levels of insulin-like growth factor binding protein 3 (IGFBP-3) in plasma without any toxicity symptoms in the animals fed with the agent . These findings were in concurrence with our in vitro studies with PC-3 cell lines, where we observed that silibinin upregulates the expression of IGFBP-3, and thus causes increased levels of secreted IGFBP-3 in conditioned medium (Zi et al., 2000) . These observations have strong implications, as mitogenic and cell survival signaling mediated by IGFBP-insulin like growth factor-1 (IGF-1)/IGF-1R (insulin like growth factor-1 receptor) are often constitutively upregulated in human prostate carcinoma cell lines and are often implicated in advanced and androgen independent stage of prostate cancer (Stattin et al., 2000) . In yet another study conducted by Kohno et al. , dietary administration of silymarin at 100 or 500 ppm dose level for 40 weeks significantly reduced the incidence of prostatic adenocarcinoma in 3,2-dimethyl-4-aminobiphenyl (DMAB)-induced prostate carcinogenesis in male F344 rats (Kohno et al., 2005) . Importantly, authors of this study also report that no toxicity symptoms were observed in the animals fed with silymarin supplemented diet for 40 weeks. Together, these observations convincingly support conducting clinical trials with silibinin in prostate cancer patients.
Hepatocellular Carcinoma
There is no dearth of evidence for hepatoprotective efficacy of silymarin/silibinin against liver conditions; however, there is only one study reporting the in vivo chemopreventive efficacy of silymarin in N-nitrosodiethylamine induced hepatocarcinogenesis in Wistar albino male rats (Ramakrishna et al., 2006) . More efforts are needed in this direction in near future.
Breast Cancer
Studies conducted by us and others revealed that silibinin exerts synergistic anti-cancer effects with chemotherapeutic drugs such as doxorubicin, cisplatin and carboplatin in human breast carcinoma MCF-7 and MDA-MB468 cells (Scambia et al., 1996; ; however, there is only one study where authors studied the in vivo cancer preventive efficacy in rat model of mammary carcinogenesis. Contrary to anticancer efficacy of silymarin against breast cancer cell lines, in this model, dietary supplementation of silymarin modestly increased the number of mammary tumors in 1-methyl-1-nitrosourea (MNU) treated animals. In this study, increased incidence and multiplicity of mammary tumors were also observed by silymarin administration in neu-transgenic mice (Malewicz et al., 2006) . More studies possibly are needed to further identify and characterize the mammary tumorigenesis enhancing effect of silymarin, which would help establishing a caution for its invariable use as anti-cancer and cancer preventive agent.
Bladder Cancer
We found that silibinin inhibits the growth and proliferation of human bladder transitional cell carcinoma (TCC) cells by causing cell cycle arrest and induction of apoptosis . Under in vivo conditions, there is only one report available, wherein, dietary administration of silymarin at the initiation or post initiation phase of N-butyl-N-(4-hydroxybutyl)nitrosamine (OH-BBN)-induced urinary bladder carcinogenesis in male ICR mice significantly decreased the incidence of bladder neoplasms and preneoplastic lesions. Immunohistochemical analysis revealed that silymarin significantly reduced the labeling index for BrdU and the cyclin D1-positive cell ratio in various bladder lesions (Vinh et al., 2002) . These findings suggest that silymarin may be potential chemopreventive agent effective against bladder cancer.
Lung Cancer
Chemopreventive efficacy of silibinin against lung cancer was extensively explored by our group after the initial observation of anticancer effects of silibinin against lung carcinoma cell lines in culture (Sharma et al., 2003) . Initial studies done by our group revealed that silibinin suppresses the growth of human non-small-cell lung carcinoma A549 xenograft in athymic BALB/c nu/nu mice. Silibinin also enhanced the therapeutic potential of traditional chemotherapeutic drug doxorubicin via an inhibition of doxorubicin-induced chemoresistance by modulating NF-κB mediated signaling pathway in this model. In addition, silibinin also improved the doxorubicin associated adverse health effects .
Further studies were carried out to assess the chemopreventive efficacy of silibinin in urethaneinduced lung tumors in A/J mice. We observed that lung tumors in silibinin fed mice had significantly lower multiplicity and marked reduction in the size, when given for either 18 weeks or 29 weeks post urethane injection. Tumors in animals fed with silibinin had lesser positive cells for markers of proliferation such as PCNA and cyclinD1, and reduced microvessel density and expression of VEGF. Overall, the results of this study revealed the antiangiogenic potential of silibinin in animal model of lung tumorigenesis . However, in yet another chemical induced lung tumorigenesis model, no protective effect of silibinin was found when given prior to benzo(a)pyrene induced pulmonary adenoma formation and growth in A/J mice (Yan et al., 2005) . Firstly, it is possible that silibinin exerts its effects primarily at post-initiation stage of lung tumorigenesis, and additionally, the dose levels of silibinin used in this study were much lower, and might not have achieved physiologically relevant levels in the animals. Secondly, in most of the in vitro lung cancer models, silibinin has been shown to inhibit the invasion of these cell lines (Chen et al., 2005; Chu et al., 2004) . This might explain the absence of any protective effect against lung tumors in this particular model.
Colon Cancer
Though anticancer efficacy of silymarin/silibinin has been observed against colon carcinoma cell lines in number of studies, yet only two studies are available in literature evaluating the chemopreventive efficacy of silymarin using in vivo model of colon cancer. In the first study, authors report that rats fed with silymarin supplemented diet led to significant decrease in number of aberrant crypt foci (represent precursor lesions for colonic adenomas) in an azoxymethane (AOM)-induced rat colon cancer model (Volate et al., 2005) . In another similar but more detailed study, it was observed that silymarin administration through diet for 4 weeks either during or after carcinogen (Azoxymethane) exposure led to a significant reduction in the frequency of aberrant crypt foci formation. In long term experiment, silymarin significantly reduced the incidence and multiplicity of colonic adenocarcinomas when fed during initiation or post initiation phase of AOM-induced colon carcinogenesis (Kohno et al., 2002) . Silymarin exerted these beneficial effects via the reduction of proliferating cell nuclear antigen (PCNA) positive cells and increase in the number of apoptotic cells. Beneficial effects of silymarin also included decrease in the levels of prostaglandin E2 (PGE2), β-glucuronidase and polyamine content of colonic mucosa. In yet another model of 1,2-dimethylhydrazine induced colon carcinogenesis in SD rats, the frequency of adenocarcinoma of the colon, both total and occurrence at proximal or distal regions was significantly reduced with dietary administration of silymarin (Gershbein et al., 1994) .
Ovarian Cancer
In case of ovarian cancer, studies have been conducted with either silibinin or IdB 1016, also marketed as Silipide, which represents the complex of silibinin with phosphotidylcholine to improve its bioavailability. In the completed studies, the authors observed that administration of IdB 1016 by oral gavage to nude mice bearing tumor xenograft of human ovarian cancer cell line A2780 produces significant tumor weight inhibition (TWI%) of 78% and a log10cell kill (LCK) of 1.1. In the same study, they were also able to measure the free levels of silibinin both in plasma and tumor tissue. However, no significant difference was observed in the VEGF levels in IdB1016 treated and untreated xenografts, though downregulation of VEGF receptor3 and upregulation of angiopeoitin-2 was observed upon gene array analysis (Gallo et al., 2003) . In another study by same group, the authors reported that Silipide was able to potentiate the cytotoxicity of anticancer drug, cisplatin (CDDP) under in vitro conditions. Even under in vivo conditions, silipide was able to significantly enhance the anti-tumor activity of CDDP measured in terms of TWI % and log10cell kill(LCK) values. Importantly, mice receiving the combination therapy recovered from weight loss earlier to the ones receiving CCDP alone (Giacomelli et al., 2002) .
Clinical Trials with Silibinin in Cancer Patients
There is one isolated report wherein, silibinin formulation, Silipide was given orally to patients with confirmed colorectal adenocarcinoma at doses ranging from 360 to 1440 mg of silibinin per day for seven weeks. Though intervention with silibinin was found to be ineffective in modulating the circulating levels of IGFBP-3, IGF-1 and pyrimidopurinone adduct of dexoguanosine, a marker for oxidative DNA damage; however it is worthy to note that high levels of silibinin were achieved in colorectal mucosa of the patients, which further supports the need of conducting more elaborate clinical trials for evaluating its efficacy as potential chemopreventive agent (Hoh et al., 2006) . Our group has also recently completed a Phase-I clinical trial with silibinin in prostate cancer patients (Flaig et al., 2006) . This trial was designed to assess the toxicity of high dose silybin-phytosome, a commercial preparation, and recommend a dose for phase II trial. Briefly, Silybin-phytosome was administered orally to prostate cancer patient at a daily dose of 2.5 -20 grams, in three divided doses; each course was 4 weeks in duration. From the results obtained in the study, we concluded that thirteen grams of oral silybin-phytosome daily, in 3 divided doses, appears to be well tolerated in patients with advanced prostate cancer and is the recommended phase II dose. Further, an asymptomatic liver toxicity is the most commonly seen adverse event. Another important observation in this study was that we were able to achieve 100 μM plasma levels of free silibinin in patients, though this level was not sustained. Currently, we are in the process of starting a Phase II clinical trial to assess the effect of silibinin administration on prostate cancer progression using surrogate biomarkers as end points.
Conclusion
From the findings of all the studies summarized above briefly, it is clear that silymarin and its active constituent silibinin could have potential beneficial effects on the outcome of various epithelial malignancies. Accordingly, the future need is to conduct controlled clinical trials with these agents against various cancers, specifically employing commercially available standardized silymarin and silibinin preparations with improved bioavailability as well as proven efficacy against other pathological conditions in humans. In this direction, the results of the open preliminary pilot study with pharmaceutical complex of silibinin, RealSIL-IBI in patients with non alcoholic fatty liver disease with and without the presence of hepatitis-c virusrelated chronic hepatitis are quite promising. In this study, no adverse effects of this complex were reported in the patients, and there was improvement in the insulin resistance and markers of fibrosis in plasma (Trappoliere et al., 2005) . Additionally, in number of clinical trials, mostly in patients with liver diseases, silibinin/silymarin is well tolerated (Gordon et al., 2006; Strickland et al., 2005) . These observations have significant relevance for translating the basic research to clinical settings, as two major hurdles in this transition i.e. bioavailability and toxicity, have been somewhat defined for silymarin and silibinin. Even the proven hepatoprotective effects of silymarin and silibinin confer added advantage of using them in adjuvant therapy, not limiting only to their cancer chemopreventive efficacy. Chemical structure of Silibinin. 
